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Adult food security and the relationship with Adverse Childhood Experiences
among residents of Appalachian North Carolina
Abstract
Introduction
Introduction: The Appalachian region has worse health outcomes than the remainder of the United States.
These disparities are often linked to the underlying social and environmental determinants of health.
Adverse childhood experiences (ACEs) are associated with poor health outcomes across the lifespan and
have a significant impact on future social determinants as an adult, including food security status.
Purpose: To explore the relationships between ACEs and food security among adults in the Appalachian
counties of North Carolina and make comparisons with the rest of the state.
Methods: Researchers used North Carolina’s 2012 Behavioral Risk Factor Surveillance System data;
namely, the ACEs optional module which includes 11 items related to experiences respondents had
before the age of 18 and a single item from the Social Context optional module to classify food security
status. The sample was divided into three age categories (18-44, 45-64, and 65 and older) for statistical
comparisons as well as by the indicator for Appalachian county. Using Stata 15, weighted logistic
regression was utilized for examining relationships between variables.
Results: ACEs were a statistically significant predictor of food insecurity across all respondents; each
additional ACE was associated with a 13-21% increase in the odds of food insecurity, depending on age
group. However, living in an Appalachian county was only a predictor for those age 45-64.
Implications: These findings highlight the long-term effects of childhood experiences on food security
generally, and in Appalachia particularly for middle-aged adults. Reducing ACEs could reduce food
insecurity and improve health in the region.
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INTRODUCTION

R

ecent reports highlight health disparities across the Appalachian region,
which includes 13 states and more than 400 counties. Many of these
health disparities are rooted in social determinants of health, including
socioeconomic status and opportunity, healthcare access, transportation and
the built environment, and food security.1 In addition, Appalachia is
predominantly rural and has a unique social and cultural context that
predisposes many areas to face challenges across generations.2
Food insecurity, which includes experiences ranging from anxiety about
purchasing food of adequate quality or in sufficient quantity to reducing food
intake, is linked to numerous adverse health outcomes.3,4 The growing
prevalence of food insecurity in the U.S. is a critical public health issue and is of
great concern to policymakers and government officials. National figures showed
12.9% of U.S. households, or approximately 41 million citizens, were food
insecure at least some time during 2016.3
Adverse childhood experiences (ACEs) include abuse—physical, sexual, and
emotional—and household dysfunctions, including substance abuse, separation
or divorce, violence between adults, mental illness, and incarceration.5,6 ACEs
are associated with numerous poor health and social outcomes across the
lifespan, including poor physical and mental health and mortality.5,7
Existing research has established the importance of various social, economic,
and behavioral factors that can explain household food insecurity. However, as
Temple8 notes, stressful life events or stressors such as mental illness, not being
able to get a job, or death of a family member or close friend, have received scant
attention in the empirical literature on food insecurity. Using nationally
representative data from Australia, Temple showed that exposure to 18 discrete
stressors significantly increased the probability of experiencing food insecurity,
while adjusting for the more established correlates of food insecurity, like lower
education level, being unmarried, or renting a home. Here in the U.S., Chilton
and colleagues9 found that exposure to ACEs was associated with experiencing
food insecurity later in adulthood. Further, using the Midlands Family Study,
researchers reported that low-income families with inadequate social support
who adjust to adverse life events have a higher probability of child hunger.10

PURPOSE
In this light, the current study sought to examine the relationship between ACEs
and food insecurity among North Carolina (NC) residents. Four main factors led
to studying this relationship. First, the study addresses an important omission
in the literature on Appalachian outcomes: population-based long-term effects
of ACEs on stress-related food insecurity accounting for residence in an
Appalachian county. Second, the study focused on Appalachian NC since NC
experienced a food insecurity rate of 14.4% in 2015–2017 while the national
average food insecurity rate was 12.3%.3 Third, the Appalachian Diseases of
Despair report commissioned by the Appalachian Regional Commission (ARC)
finds that in Appalachian NC, the diseases of despair mortality rate was 45%
higher than in the non-Appalachian portions in 2015.11,12 Finally, although not
statistically different from the national prevalence rate, the prevalence of 3–8
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ACEs among NC residents exceeded the corresponding national prevalence rate
in 2016.11

METHODS
Data
Data come from the 2012 Behavioral Risk Factor Surveillance System (BRFSS)
in NC. BRFSS is a landline and cell phone survey of community-dwelling adults
aged 18 and older designed to represent the state’s population in terms of age,
gender, race/ethnicity, home ownership, and telephone type. The primary
independent and dependent variables in this study, ACEs and stress-related food
insecurity, were each included in the optional modules of the NC BRFSS only in
2012.
Measures
The ACEs optional module includes 11 items that relate to experiences
respondents had before age 18. Specifically, respondents were asked whether or
not they experienced any of the following:
(1) lived with someone who was depressed, mentally ill, or suicidal;
(2) lived with anyone who was a problem drinker or alcoholic;
(3) lived with anyone who used illegal street drugs or who abused prescription
medications;
(4) lived with anyone who served time or was sentenced to serve time in a
prison, jail, or other correctional facility; or
(5) parents separated or divorced.
In addition, respondents were asked how often (never, once, or more than once)
before age 18:
(6) parents or adults in their home ever slapped, hit, kicked, punched, or beat
each other up;
(7) parent or adult in their home ever hit, beat, kicked, or physically hurt
them in any way (except spanking);
(8) parent or adult in their home ever swore at them, insulted them, or put
them down;
(9) anyone at least 5 years older than them or an adult, ever touched them
sexually;
(10) anyone at least 5 years older than them or an adult tried to make them
touch them sexually;
(11) anyone at least 5 years older than them or an adult forced them to have
sex.
Respondents were classified as having experienced an ACE if they had ever
experienced it (i.e., “ever” or “once” or “more than once,” depending on the item).
Four measures of ACEs were created based on an earlier study by Ford and
colleagues13:
(1) a continuous ACE score by summing the number of “yes” and “ever”
responses, with a possible range of 0–11 ACEs; and three dichotomous
subscales:
(2) household dysfunction,
(3) emotional or physical abuse, and
(4) sexual abuse.
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Household dysfunction included items 1–5. Physical or emotional abuse
included items 6–8. Sexual abuse included items 9–11.
The BRFSS includes a single question in the Social Context module to classify
respondents as experiencing food-related stress (food insecurity): “How often in
the past 12 months would you say you were worried or stressed about having
enough money to buy nutritious meals?” Respondents who said they were
always, usually, or sometimes worried or stressed were classified as experiencing
food-related stress (food insecurity) and those who said they rarely or never were
worried or stressed were classified as not experiencing food insecurity. Previous
studies14,15 have validated the high correlation between the single measure of
food-related stress or food insecurity in the BRFSS with the U.S. Department of
Agriculture’s Current Population Survey Food Security Supplement. Note the
BRFSS measure may reflect marginal food security rather than more severe food
insecurity.16 For consistency, “food insecurity” is used instead of food-related
stress.
Respondents were also classified as living within or outside Appalachia based on
their county of residence. Counties were considered to be part of Appalachia
(n=29) based on the ARC classification. The NC BRFSS coordinator created the
Appalachia indicator variable since the public BRFSS files no longer include
county.
Respondents self-reported a variety of socioeconomic and demographic
characteristics, including age, gender, highest level of education completed, race
and ethnicity, current employment status, marital status, the number of
children under 18 living in their household, annual household income, home
ownership status, and whether they ever served on active duty or in the reserves.
Statistical Analysis
Existing research4 finds that younger people and households with children are
more likely to be food insecure. Further, mental health problems often emerge
in early adulthood such that it is important to study the link between ACEs and
food insecurity for that age group.17 Adults aged ≥45 years are most affected by
the ongoing crises of “diseases of despair” in most Appalachian states. Looking
at this age group separately may signal a pathway between ACEs and the
“diseases of despair” for this age group.18,19 North Carolina has a higher than
average rate of opioid deaths: the rate was 19.8 per 100,000 in the state in 2017
compared to 14.6 per 100,000 nationally.20 The majority of these deaths in North
Carolina occurred among younger and middle-aged adults; in 2017, 30% of
opioid-related deaths in the state were among those aged 25–34, 25% were
among people aged 35–44, and 21% were among adults aged 45–54.21 Older
adults also experience food insecurity, but in general food insecurity declines
with age.22 Finally, early mortality associated with ACEs may result in differential
associations between food insecurity and ACEs by age group.
Accordingly, the sample was divided into three age categories: 18–44, 45–64, and
≥65. T-tests were used to evaluate whether the prevalence of food insecurity,
ACE measures, and other demographic characteristics differed significantly
across the three age categories. For each age category, logistic regression models
were estimated to assess the relationship between each of the ACE measures
and food insecurity, controlling for the social, economic, and demographic
characteristics listed above as well as an indicator for residing in an Appalachian
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county. For each age group, four regression models were estimated, one for each
measure of ACE. For each ACE measure, whether living in Appalachia had a
differential effect on food insecurity was tested. All analyses were weighted with
BRFSS survey weights to represent the state’s population. The data were
analyzed using Stata 15.

RESULTS
There were 11,770 respondents included in the study: 3661 aged 18–44; 4424
aged 45–64; and 3685 aged ≥65. The mean ACE score decreased with age (Table
1; all tables are provided under Additional Files). Household dysfunction was the
most commonly reported type of ACE across all age groups and sexual abuse
was least common; the prevalence of each ACE category generally decreased with
age. Respondents aged ≥65 were more likely to be female, white, and veterans
than respondents aged 18–44. They also tended to have less education and were
less likely to have children in the household and to rent their home than those
aged 18–44. Younger respondents were less commonly residents of an
Appalachian county than older respondents; this is not surprising as recent data
have shown that rural counties, such as found in Appalachia, have higher rates
of residents aged ≥65.23 Echoing other studies,4 younger respondents had the
highest rate of food insecurity (30%) compared to 25% among those aged 45–64,
and only 13.2% for the elderly.
Table 2 (provided under Additional Files) shows the continuous ACE score
increased the likelihood of food insecurity for all age groups (p<0.01), after
adjusting for covariates. Each additional ACE was associated with a 13%–21%
increase in the odds of food insecurity as an adult. No independent effect of living
in Appalachia was found in any of the age groups nor were there any differential
effect of ACE by Appalachian county. The estimated odds for the differential effect
of ACEs by Appalachian county (for Tables 2–5) are available on request.
Table 3 (provided under Additional Files) shows that experiencing household
dysfunction as a child increased the odds of food insecurity in adulthood by
44%–54% only in the younger and middle age groups (p<0.01). Similar to the
findings in Table 2, there was no independent effect of living in Appalachia in
any of the age groups nor were there any differential effect of experiencing
household dysfunction in childhood by Appalachian county.
Unlike the household dysfunction subscale of ACE, Table 4 (provided under
Additional Files) shows that experiencing any physical and emotional abuse in
childhood increased the odds of food insecurity for all age groups: by 56%–90%
for all age groups. Moreover, for the 45–64 age group, residing in an Appalachian
county increased the odds of food insecurity (p<0.05). However, there was no
differential effect of physical and emotional abuse by Appalachian county for any
of the age groups.
Finally, as shown in Table 5 (provided under Additional Files), the odds of food
insecurity increased by 65%–108% if younger and middle-aged respondents
experienced any sexual abuse in childhood (p<0.01). Only for the 45–64 age
group, residing in an Appalachian county increased the odds of food insecurity
(p<0.05). However, there was no differential effect of experiencing sexual abuse
in childhood by Appalachian county.
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IMPLICATIONS
The results corroborate earlier findings that ACEs increase the likelihood of being
food insecure in adulthood, especially for the groups aged 18–44 and 45–64
years. The significant effect of ACEs on food insecurity in young adulthood could
be due to emergence of mental health problems such as depression and
substance abuse during this period.17
For those aged 45–64, physical and emotional abuse and sexual abuse in
childhood had the greatest odds of predicting adult food insecurity. The Opioid
Risk Tool, developed by Lynn R Webster, MD, also lists personal pre-adolescent
sexual abuse as one of the risk factors for opioid abuse. Although accounting for
opioid abuse is beyond the scope of this paper, these independent findings
warrant further research about the connections between ACEs, adult food
insecurity, and other social determinants of health, and adult opioid use in other
areas of the Appalachian region.
The lack of a consistent relationship between ACEs and food insecurity for the
elderly could, among others, be explained by potential recall error as well as
unwillingness to report or discuss such events. Also, in general, residence in one
of the Appalachian counties was not associated with food insecurity after
adjusting for other covariates. However, among people in the 45–64 age range,
living in an Appalachian county independently increased the odds of food
insecurity when controlling for physical/emotional abuse or sexual abuse in
childhood. Here too, there were no differential effects by Appalachian county of
residence.
The first contribution of the study is assessing the population-based long-term
effect of ACEs and adult food insecurity in a mostly rural Appalachian state such
as NC. The second contribution is using different definitions of ACEs—the total
number of ACEs as well as individual subscales depicting household
dysfunction, physical/emotional abuse, and sexual abuse. This distinction
throws light on the type of ACE driving the relationship. The other contribution
is the focus on different age categories since ACEs have differential effects over
the course of a lifetime. Specifically, the study found that physical and emotional
abuse in childhood had the greatest odds of predicting adult food insecurity for
adults who were at least aged 45. Sexual abuse in childhood was most strongly
associated with adult food insecurity for the youngest age group. It is possible
that older respondents have had more life experiences and developed coping
mechanisms whereby physical and emotional abuse dominate adult life
experiences. Interestingly, although household dysfunction was the most
commonly reported type of ACE across all age groups, it was not the strongest
predictor of adult food insecurity for any age group. These results suggest that
individual trauma (physical/emotional abuse or sexual abuse) in childhood may
have stronger long-term effects than a dysfunctional environment.
The principal limitation of the study is that a causal relationship between ACEs
and food insecurity cannot be estimated, especially in the presence of potential
recall error or misreporting ACEs.24,25 In addition, only a single item was used to
assess food insecurity, which may reflect marginal food security rather than
more severe food insecurity.

Published by the University of Kentucky, 2019

23

Journal of Appalachian Health, Vol. 1 [2019], Iss. 3, Art. 3

The findings from this study illustrate life course impacts of the social
determinants of health, in the form of ACEs and adult food insecurity, and the
need for comprehensive and upstream approaches for the challenges facing
Appalachia. While the ACE definitions in the study include only household
dysfunction, physical and emotional, and sexual abuse, future research should
ideally include a broader definition of ACEs such as additional peer- and
community-related factors that also count as harmful childhood adversities.6
For future generations, it is vital that researchers, program developers, and
policymakers translate the growing evidence into action by designing
preventative and family-based programs which provide adequate resources and
support, such as the Building Community Resilience Model,26 that
systematically address social determinants of health early in life before adverse
health effects occur as well as help develop resilience in the face of adversities.10

SUMMARY BOX

What is already known about the topic? Food insecurity and adverse
childhood experiences (ACEs) are major public health issues across the United
States that are linked to other social determinants of health and poor health
outcomes across the lifespan.
What is added by this report? This study complements the limited research on
the relationship between food insecurity and ACEs in Appalachia. The study uses
different definitions of ACEs and focuses on different age categories since ACEs
have differential effects over the course of one's life.
What are the implications for public health, practice, policy, and research?
Future research should include a broader definition of ACEs such as additional
peer- and community-related factors that also count as harmful childhood
adversities. Researchers, program developers, and policymakers should focus on
designing preventative and family-based programs which provide adequate
resources and support to systematically address social determinants of health
early in life before adverse health effects occur as well as help develop resilience
in the face of adversities.

https://uknowledge.uky.edu/jah/vol1/iss3/3
DOI: https://doi.org/10.13023/jah.0103.03

24

Roy et al.: ACEs and food insecurity in North Carolina

REFERENCES
1.

2.
3.

4.
5.

6.
7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Goldman L, Benjamin G, Hernandez S, et al. Advancing the Health of
Communities and Populations Vital Directions for Health and Health
Care 2018.
Durlauf S. Poverty traps and Appalachia. Washington DC: Brookings
Institution Press, 2012.
Gunderson C, Ziliak, JP. Food insecurity research in the United States:
where we have been and where we need to go. Appl Econ Perspect Policy
2018;40(1):119–35.
Gunderson, C, Ziliak, JP. Food insecurity and health outcomes. Health
Affairs 2015;34(11):1830–9.
Felitti VJ, Anda RF, Nordenberg D, et al. Relationship of childhood abuse
and household dysfunction to many of the leading causes of death in
adults: The Adverse Childhood Experiences (ACE) Study. Am J Prev Med
1998;14(4):245–58.
Finkelhor D, Shattuck A, Turner H, Hamby S. Improving the adverse
childhood experiences study scale. JAMA Pediatr 2013;167:70–5.
Hughes K, Bellis M, Hardcastle K, et al. The effect of multiple adverse
childhood experiences on health: a systematic review and meta-analysis.
Lancet Public Health 2017;2(8):e356–66.
Temple JB. The association between stressful events and food insecurity:
Cross-sectional evidence from Australia. Int J Environ Res Public Health
2018;15(11):2333.
Chilton M, Knowles M, Rabinowich J, Arnold K. The relationship between
childhood adversity and food insecurity: 'It's like a bird nesting in your
head'. Public Health Nutr 2015;18(14):2643–53.
Jones S, Draper C, Bell B, et al. Child hunger from a family resilience
perspective. Journal of Hunger & Environmental Nutrition.
2018;13(3):340–61.
https://www.tandfonline.com/doi/full/10.1080/19320248.2017.136418
Sacks V, Murphey D. The prevalence of adverse childhood experiences,
nationally, by state, and by race or ethnicity 2018 [cited 2019 April 11].
Available from: https://www.childtrends.org/publications/prevalenceadverse-childhood-experiences-nationally-state-race-ethnicity.
Case A, Deaton A. Rising morbidity and mortality in midlife among white
non-Hispanic Americans in the 21st century. Proceedings of the National
Academy of Sciences, 2015;112(49): 15078–83.
Ford D, Merrick M, Parks S, et al. Examination of the factorial structure
of adverse childhood experiences and recommendations for three
subscale scores. Psychol Violence 2014;4(4).
Irving SM, Njai RS, Siegel PZ. Food insecurity and self-reported
hypertension among Hispanic, black and white adults in 12 states,
Behavioral Risk Factor Surveillance System, 2009. Prev Chronic Dis
11:140190. DOI: http://dx.doi.org/10.5888/pcd11.140190
Njai R, Siegel P, Yin S, Liao Y. Prevalence of Perceived Food and Housing
Security–15 States, 2013. MMWR Morb Mortal Wkly Rep 2017;66(1):12–
15.
Gunderson C, Engelhard EE, Crumbaugh AS, Seligman HK. Brief
assessment of food insecurity accurately identifies high-risk US adults.
Public Health Nutr 2017;20(8):1367–71.
Mersky JP, Topitzes J, Reynolds AJ. Impacts of adverse childhood
experiences on health, mental health, and substance use in early

Published by the University of Kentucky, 2019

25

Journal of Appalachian Health, Vol. 1 [2019], Iss. 3, Art. 3

18.

19.
20.

21.

22.

23.

24.

25.

26.

adulthood: A cohort study of an urban, minority sample in the US. Child
Abuse Negl 2013;37(11):817–925.
Meit M, Hefferman M, Tanenbaum E, Hoffman T. Appalachian Diseases
of Despair: Final Report, 2017.
https://www.arc.gov/assets/research_reports/AppalachianDiseasesofDe
spairAugust2017.pdf
Shanahan L, Hill S, Gaydosh L, et al. Does despair really kill? A roadmap
for an evidence-based answer. Am J Public Health 2019;109(6):854–8.
National Institute on Drug Abuse. North Carolina Opioid Summary:
Opioid-Involved Overdose Deaths. March 2019. Available at:
https://www.drugabuse.gov/opioid-summaries-by-state/north-carolinaopioid-summary
Henry J. Kaiser Family Foundation. Opioid Overdose Deaths by Age
Group (2017). Available at: https://www.kff.org/other/stateindicator/opioid-overdose-deaths-by-agegroup/?dataView=1&currentTimeframe=0&sortModel=%7B%22colId%22:
%22Location%22,%22sort%22:%22asc%22%7D.
Strickhouser S, Wright JD, Donley AM. Food Insecurity Among Older
Adults–Full Report, 2015 Update. AARP Foundation, September 2014.
Available at:
https://www.aarp.org/content/dam/aarp/aarp_foundation/2015PDFs/AF-Food-Insecurity-2015Update-Final-Report.pdf.
USDA. Economic Research Service using data from the U.S. Census
Bureau Population Estimates Program.
https://www.ers.usda.gov/webdocs/publications/90556/eib200.pdf?v=5899.2
Williams LM. Recall of childhood trauma: A prospective study of women’s
memories of child sexual abuse. J Consult Clin Psychol 1994;62(6):1167–
76.
Hardt J, Rutter M. Validity of adult retrospective reports of adverse
childhood experiences: Review of the evidence. J Child Psychol Psychiatry
2004;45(2): 260–73.
Ellis WR, Dietz WH. A New Framework for Addressing Adverse Childhood
and Community Experiences: The Building Community Resilience Model.
Acad Pediatr 2017;17(7):S86–S89.

https://uknowledge.uky.edu/jah/vol1/iss3/3
DOI: https://doi.org/10.13023/jah.0103.03

26

